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ZERO POINT DRIFT COMPENSATING
FLOWMETER

TECHNICAL FIELD

The present mvention relates to a mass flowmeter. In
particular, 1t relates to a sass flowmeter that can be applied
to a field requiring the flow rate measurement by a small and
light-weight tlowmeter e.g., a medical flowmeter such as an
artificial heart, or a mass flowmeter that can be applied to the
flow rate measurement of the fluid or gas flowing 1n a piping
of a petroleum, petrochemistry, or chemical plant for
example, cleaning water for a bottle, cleaning liquid for a
waler or a substrate, or medicinal agent for example.

BACKGROUND ART

This applicant has already filed, as a small and light-
welght flowmeter, a mass tlowmeter using a rigid band pipe
(PTL 1) and a mass flowmeter using an elastic bend pipe
(PTL 2). Any of these publications has a disclosure regard-
ing the static pressure compensation and temperature coms-
pensation, but has no disclosure regarding the zero point
drift compensation.

The mass flowmeter of PTL 3 measures a fluid centrifugal
force at a bend pipe end, but has no disclosure regarding the
zero point drift compensation.

On the other hand, PTL 4 suggests a method of measuring,
a blood pressure based on a pulse wave propagation velocity.
However, 1t does not perform a flow rate measurement.
Further, PTL 4 uses a specific frequency component of an
clectrocardiogram to calculate a pulse wave propagation
time.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Laid-Open No. 2007-218775
PTL 2: Japanese Patent Laid-Open No. 2009-150671
PTL 3: Japanese Patent Laid-Open No. HO04-276519
(1992)

PTL 4: Japanese Patent Laid-Open No. 2001-95766

SUMMARY OF INVENTION

Technical Problem

For example, a seli-contained artificial heart used at the
outside of a hospital requires the display of a flow rate for
the disease stats control. However, there 1s no small implant-
able flowmeter. Industrial flowmeters include various types
of flowmeters such as an excess flow meter, a resistance
flowmeter or a float-type flowmeter. An ultra-lightweight
flowmeter based on a simple measurement method has been
required. Conventionally, the mass flowmeter using the bend
pipe, which has been suggested by the applicant, uses a
simple measurement method and thus can provide a small
s1ze. However, since this mass flowmeter uses a strain gauge
in a pressure measurement sensor, a sudden temperature
change, an external force, or a deteriorated sensor element
for example causes a zero point drift 1n a flow rate mea-
surement value, thus causing a possibility of a measurement
eITor.

Solution to Problem

To solve the atorementioned 1ssue, the present invention
provides a pressure sensor and a mass flowmeter. The
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2

pressure sensor can compensate a zero point drift in pressure
detection means for detecting a pressure of the fluid 1n a pipe

line. The mass flowmeter compensates a zero-point drift n
measuring a fluid of the mass flowmeter using a bend pipe.

Specifically, the pressure sensor of the present invention
includes

a pressure detection means that detects the pressure of
fluid 1n a pipe line 1n which the fluid flows and a zero point
drift compensation pressure detection means that 1s provided
at a position different from that of the pressure detection
means. Then, the pulse wave propagation time between
these two points and the pressure change amount of the
pressure detection means are used to compensate the zero
point drift of the pressure of the pressure detection means.

Also according to the mass flowmeter of the present
invention, at a part acted upon by the centrifugal force or the
centripetal force of the fluid 1n a pipe line 1n which fluid
flows, a centrifugal, force/centripetal force detection strain
gauge 1s adhere and a flow rate zero point drift compensation
strain gauge 1s adhered at a position different from that of the
centrifugal force/centripetal force detection strain gauge.
The pulse wave propagation time between these two points
1s used to compensate the zero point drift of the tlow rate.

Also according to the present invention, the mass flow-
meter 1s configured so that a part acted upon by the cen-
trifugal force or the centripetal force of the fluid 1n the pipe
line 1n which the fluid flows 1s formed as a bend section 1n
a bend pipe formed by bending the pipe line.

Also according to the present invention, the mass flow-
meter 1s configured so that, at a position different from the
part acted upon by the centrifugal force or the centripetal
force, a static pressure/temperature compensation strain
gauge 1s adhered to thereby perform a static pressure or
temperature compensation.

Also according to the present invention, the mass tlow-
meter 1s configured so that a flow rate zero point drift
compensation strain gauge 1s substituted with a signal of the
time at which the pulsation of the flow rate generation
apparatus 1s generated or a signal ol the opening/closing
time ol a pressure valve and a signal of a stramn gauge
adhered to the bend pipe so that the pulse wave propagation
time between these two points 1s used to compensate the
zero point drift of the flow rate.

Also according to the present invention, the mass flow-
meter 1s configured so that a tube of elastic material forms
between a part acted upon by a centrifugal force or a
centripetal force and a part for the zero point drift compen-
sation of the flow rate.

Also according to the present invention, the mass tlow-
meter also can be used as a pressure meter 1n a pipe line
using the pulse wave propagation time.

Also according to the present invention, the mass flow-
meter also can be used to measure the pipe line resistance
based on a pressure measured using the pulse wave propa-
gation time and a flow rate measured using the bend pipe.

Advantageous Elflects of Invention

According to the present invention, the pulse wave propa-
gation time can be used to compensate the zero point drift of
the pressure detection means for detecting the pressure of
the fluid 1n the pipe line. Thus, stable pressure measurement
can be realized for a long period.

According to the present invention, the pulse wave propa-
gation time 1s used in a mass flowmeter using a bend pipe.
Thus, when compared with a conventional mass tlowmeter,
the pressure calculated by the strain gauge of a part acted
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upon by the centrifugal force or the centripetal force of the
fluid and the zero point drift of the pressure calculated by the
static pressure/temperature compensation strain gauge can
be compensated. Thus, stable flow rate measurement can be
realized for a long period even when a sudden temperature
change or an external force for example 1s caused.

Furthermore, since the pulse wave propagation time 1s not
influenced by the viscosity of operating tluid, the mass tlow
rate can be measured. Furthermore, by the adhesion of the
static pressure/temperature compensation strain gauge, a
change of the pips line resistance can be coped.

In the conventional case, based on the strain amount of the
strain gauge, pressure measurement having a possibility of
zero point drift could be carried out. In contrast with this, the
present invention provides she pressure measurement for
which the zero point driit 1s compensated. Furthermore, the
pipe line resistance can be measured for a long period based
on the flow rate and the pressure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1llustrates a mass flowmeter in which a static
pressure or a temperature compensation strain gauge and a
zero-point drift compensation strain gauge are added 1nto a
mass tlowmeter using a bend pipe according to one example
of the mass flowmeter of the present invention (first embodi-
ment);

FI1G. 2 1llustrates a mass flowmeter 1n which a signal input
for the compensation of the zero-point drift from a pressure
valve 1s added into a mass flowmeter using a bend pipe
according to one example of the mass flowmeter of the
present mvention (second embodiment);

FIG. 3 illustrates a mass flowmeter in which a signal input
for the compensation of the zero-point drift from a flow rate
generation device 1s added into a mass flowmeter using a
bend pipe according to one example of the mass flowmeter
of the present invention (third embodiment);

FIG. 4 1s a diagram 1illustrating the zero-point drift (in
which the solid line shows an actual pressure wavetorm and
the dotted line shows a pressure wavetform during driit); and

FIG. § 1s a diagram showing experiment results, one
without compensating a zero-point drift, and the other with
compensating a zero-point driit.

DESCRIPTION OF EMBODIMENTS

The velocity of a pressure pulse wave moving through a
pipe line 1s called a pulse wave propagation velocity (PWV:
Pulse Wave Velocity). When a pulse wave between two
different points 1s recorded 1n a pipe line, the PWYV 1s defined
by the following equation, based on the pulse wave propa-
gation time (PTT: Pulse Transit Time) representing the time
difference between the two points and the distance therebe-

tween (AL).

PWV=AL/PTT

On the other hand, the relation between the PWYV and the
clasticity of the pipe line 1s expressed by the following
equation based on the Moens-Korteweg equation.

PWV={(EXh)/(2rXp)} "~

Here, E 1s a Young’s modulus, h 1s the thickness of a pipe
line wall, r 1s a radius 1n the pips line, and p is the density
of the operating flwd. It 1s assumed that values other than the
Young’s modulus are a fixed value because these values
have a smaller change amount than that of the Young’s
modulus. Thus, i1t 1s assumed that PWV substantially
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depends on the Young’s modulus. In addition, the Young’s
modulus can be expressed by the following equation.

E=AP/(hFXAD)

Here, AP 1s the pressure change amount, whereas AD 1s
the change amount of the mner diameter, When a constant
1s set as a and these equations are redefined, the following
equation 1s obtained.

PTT=c(AD/AP)Y?

As can be seen from this equation, the PTT changes
depending on the pressure change amount and the inner
diameter change amount. Then, the pressure change amount
AP 1s obtained by a strain gauge adhered to a pipe line. On
the other hand, the inner diameter change amount AD of the
pipe line at the pressure change amount AP has a lower
change amount in accordance with an increase of the mini-
mum pressure value P,. Thus, the following equation 1s
obtained based on the assumption in which the constant 1s
set as 3.

AD=PXP,

When the constant 1s set as v and this equation and the
PTT equation are redefined, the following equation 1is
obtained,

P;=yxPTT*xAP

That 1s, 1t can be seen that the minimum pressure value P,
1s a function of the PTT and the pressure change amount AP.
Furthermore, since the PTT and the pressure change amount
AP are not 1mtluenced by the zero-point drift, by calculating
the constant v in advance from the above equation, the
pressure change amount AP 1s obtained by the strain gauge
adhered to the pipe line as described above. Thus, the
minimum pressure value P, can be calculated from the PTT
and the above equation. Then, by substituting the value P,
of the minimum pressure value obtained from the strain
gauge adhered to the pipe line with the minimum pressure
value P; obtained from the PTT, the zero point drift of the
pressure can be compensated. Then, by calculating the mass
flow rate based on the compensated pressure, the zero point
drift of the flow rate can be compensated.
|[Embodiment]

(First Embodiment)

FIG. 1 illustrates the first embodiment according to one
example of the present invention. In a mass flowmeter using
three types of strain gauges, a centrifugal force measurement
strain gauge 1s attached to the outer periphery of the bend
section, a static pressure compensation strain gauge 1s
attached to a straight pipe section, and a zero point drift
compensation strain gauge 1s attached to a straight pipe
section at a position different from that of the bend pipe.
When a pressure pulse wave 1s applied through an intlow
opening, each the pulse wave propagation time between the
two points are calculated respectively: one between the
centrifugal force measurement strain gauge and the zero-
point drift compensation strain gauge, the other between the
static pressure compensation strain gauge and the zero-point
drift compensation strain gauge. Then, signals measured by
the centrifugal force measurement strain gauge and the static
pressure compensation strain gauge measurement are ampli-
fied by an amplifier to calculate a pressure change amount
based on a calibration equation calculated in advance. Based
on the pulse wave propagation times and the pressure
change amounts calculated for the respective pressure pulse
waves, the minimum pressure pulse value can be calculated
based on the calibration equation calculated 1n advance. By
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substituting this minmimum pressure pulse value with the
mimmum pressure value obtained from the strain gauge
attached to the pipe line, the zero point drift of the pressure
can be compensated. Then, the compensated pressure dii-
ference obtained from the two types of strain gauges having
bend pipes can be mput to the flow rata output device
including the tflow rate calibration equation, thereby mea-
suring the mass flow rate.

(Second Embodiment)

FIG. 2 illustrates the second example according to one
example of the present invention. In a mass flowmeter using
two types of strain gauges, a centrifugal force measurement
strain gauge 1s attached to the outer periphery of the bend
section and a static pressure compensation strain gauge 1s
attached to a straight pipe section. A check valve 1s provided
with the downstream of the pipe line. When a fixed pressure
1s applied to the check valve opens, 1t opens, and thereby, the
fluid flows 1n the downstream of the pipe line. When a
pressure pulse wave 1s applied through the inflow opening of
the pipe line, based on two points of a time at which the
check valve opens due to the application of the a fixed
pressure and the time at which the two types of strain gauges
include therein a fixed pressure change amount, each the
pulse wave propagation time between the two points are
calculated respectively: one between the two points of the
centrifugal force measurement strain gauge and the check
valve, the other between the two points of the static pressure
compensation strain gauge and the check valve.

Then, the signals measured by she centrifugal force
measurement strain gauge and the static pressure compen-
sation strain gauge are amplified by an amplifier to calculate
a pressure change amount based on a calibration equation
calculated 1n advance. Based on the pulse wave propagation
times and the pressure change amounts calculated for she
respective pressure pulse waves, the minimum pressure
pulse value can be calculated based on the calibration
equation calculated i1n advance. By substituting this mini-
mum pressure pulse value with the minimum pressure value
obtained from the strain gauge attached to the pips line, the
zero point drift of the pressure can be compensated. Then,
the compensated pressure diflerence obtained from the two
types of strain gauges 1n bend pipes can be input to the flow
rate output device with the flow rate calibration equation,
and thereby measuring the mass flow rate.

(Third Embodiment)

FIG. 3 illustrates the third example according to one
example of the present invention. In a mass flowmeter using
two types of strain gauges, a centrifugal force measurement
strain gauge 1s attached to the outer periphery of the bend
section and a static pressure compensation strain gauge 1s
attached to a straight pipe section. A flow rate generation
device 1s provided with the upstream of the pipe line. When
a pressure pulse wave 1s applied from the flow rate genera-
tion device through the inflow opening of she pipe line,
based on two points of a time at which a signal for
generating a pressure pulse wave 1s mput so the flow rate
generation device and a time at which a fixed pressure
change amount occurs 1n the two types of strain gauges, each
the pulse wave propagation time between the two points are
calculated respectively: one between the two points of the
centrifugal force measurement strain gauge and the flow rate
generation device, the other between the two points of the
static pressure compensation strain gauge and the tlow rate
generation device. Then, the signals measured by the cen-
trifugal force measurement strain gauge and the static pres-
sure compensation strain gauge are amplified by an amplifier
to calculate a pressure change amount based on a calibration
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equation calculated 1n advance. Based on the pulse wave
propagation times and the pressure change amounts calcu-
lated for the respective pressure pulse waves, the minimum
pressure pulse value can be calculated based on the calibra-
tion equation calculated in advance. By substituting this
minimum pressure pulse value with the minimum pressure
value obtained from the strain gauge attached to the pipe
line, the zero-point drift of the pressure can be compensated.
Then, the compensated pressure diflerence obtained from
the two types of strain gauges 1 bend pipes can be mput to
the flow rate output device including the tlow rate calibra-
tion equation, and thereby measuring the mass flow rate.

FIG. 4 1s a diagram 1n which the solid line shows an actual
pressure wavelorm and the dotted line shows a pressure
wavetorm during drift, The vertical axis represents a pres-
sure (pressure), whereas the horizontal axis shows time
(time) [s]. In the graph, P, and P,., are respectively the
minimum pressure pulse value before drift and the minimum
pressure pulse value after drift. AP 1s a pressure change
amount of the pressure pulse wave. When a strain gauge 1s
used as a sensor for pressure measurement, an external force
applied to the pipe line from outside, a temperature change,
or a deteriorated sensor element for example causes a
zero-point drift 1n the output of the strain gauge, which
undesirably causes the pressure waveform to be drifted from
the solid line to the dotted line. Thus, the minimum pressure
P, obtained from the pulse wave propagation velocity and
the pressure change amount can be substituted with the
minimum pressure P, , after drift, and thereby compensating
the zero point drift.

FIG. 5 illustrates one example of the result of an actual
measurement test using a round closed circuit. The solid line
shows the measurement result of a commercially-available
ultrasonic flowmeter. The light gray solid line shows the
measurement result of a mass tlowmeter for which the zero
point drift 1s not compensated. The dark gray solid line
snows the measurement result for which the zero-point drift
1s compensated. At 30 [s], a zero-point drift was caused 1n

the strain gauge ol the mass tlowmeter, which resulted in
that the mass flowmeter for which the zero-point was not
compensated showed a high measurement error when com-
pared to the case of the commercially-available flowmeter.
On the other hand, the mass flowmeter for which the zero
point was compensated showed a lower measurement error
to commercially-available flowmeter when compared with
the mass flowmeter for which no zero-point was compen-
sated.

INDUSTRIAL APPLICABILITY

The invention can be applied to a field requiring the flow
rate measurement by a small and light-weight flowmeter
(e.g., a medical flowmeter such as an artificial heart) or a
mass flowmeter that can be applied to the flow rate mea-
surement of the fluid or gas flowing i a piping of a
petroleum, petrochemistry, or chemical plant for example,
cleaning water for a bottle, cleaning liquid for a wafer or a
substrate, or medicinal agent for example, providing the
compensation of a zero point driit.

The mvention claimed 1s:

1. A pressure sensor, comprising:

a first pressure detection device configured to detect the
pressure of fluid 1n a pipe line 1n which the fluid tlows;
and



tube of elastic material 1s formed 1n the di
in the pipe line between the first and second strain gauges.
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a second pressure detection device for compensation of a
zero point drift configured to detect the pressure of fluid
at a position different from a position of the first
pressure detection device,

wherein the zero point drift of a pressure of the first
pressure detection device 1s compensated by substitut-
ing a value of a minimum pressure value obtained from
an output of the first pressure detection device with a
minimum pressure value obtained from a pulse wave
propagation time and a pressure change amount, the
pulse wave propagation time representing the time
difference propagating between different two portions
in the pipe line recorded between the first and second
pressure detection devices, the pressure change amount

being obtained from the output of the first pressure
detection device.

2. A mass tlowmeter, comprising:

a first strain gauge disposed 1n a bent section 1n a pipe line
in which a centrifugal force or a centripetal force of
flmad 1s acted, the fluid flows in the pipe line, and
configured to detect the centrifugal force or the cen-
tripetal force of fluid; and

a second strain gauge which 1s disposed in the straight
section 1n the pipe line different from the bent section;

a third strain gauge for a static pressure compensation
disposed 1n a straight section in the pipe line different
from the second strain gauge,

wherein a zero-point driit of a flow rate 1s compensated by
substituting a value of a minimum pressure value
obtained from an output of the first strain gauge with a
minimum pressure value obtained from a pulse wave
propagation time, a second pulse wave propagation
time and a pressure change amount, the pulse wave
propagation time represents the time difference propa-
gating between different two portions 1n the pipe line
recorded between the first and second strain gauges, the
second pulse wave propagation time represents the time
difference propagating between the two portions in the
pipe line recorded between the second and third strain
gauges, and the pressure change amount being obtained
from each output of the first and third strain gauges.

3. The mass flowmeter according to claim 2, wherein a

Terent two points
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4. The mass flowmeter according to claim 2, wherein a

signal, after the zero point drift compensation using the
pulse wave propagation time, 1s output as a pressure signal.

5. The mass flowmeter according to claim 4, wherein the

> pipe line resistance 1s measured from the pressure signal and
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the flow rate measured using the bent section.

6. A mass tlowmeter, comprising:

a first strain gauge disposed 1n a bent section 1n a pipe line
in which a centrifugal force or a centripetal force of
fluid 1s acted, the fluid flows in the pipe line, and
configured to detect the centrifugal force or the cen-
tripetal force of fluid; and

a check valve provided 1n the straight section 1n the pipe
line the check valve configured to open when a fixed
pressure 1s applied to the pipe line,

a third strain gauge for a static pressure compensation
disposed 1n a straight section 1n the pipe line different
from the second strain gauge, and

wherein

a third pulse wave propagation time 1s calculated based on
a time of a fixed pressure change amount in the first
strain gauge and an opening time of the check valve,
the third pulse wave propagation time represents the
time diflerence propagating between diflerent two por-
tions 1n the pipe line recorded between the first strain
gauge and the check valve,

a fourth pulse wave propagation time 1s calculated based
on a time of a fixed pressure change amount 1n the third
strain gauge and an opening time of the check valve,
the third pulse wave propagation time represents the
time difference propagating between the two portions
in the pipe line recorded between the third strain gauge
and the check valve, and

a zero-point drift of a flow rate 1s compensated by
substituting a minimum pressure value obtained from
an output of the first pressure detection device with a
minimum pressure value obtained from the third pulse
wave propagation time, the fourth pulse wave propa-
gation time and a pressure change amount, the pressure
change amount being obtained based on each of the
outputs of the first and third strain gauges.

G o e = x
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